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S1: Description of each action situation (AS) of Figure 3
	Action situations on the constitutional choice level (AS 1-4)

	AS 1 Swiss Energy Strategy 2050

	As a consequence of the nuclear disaster in Fukushima in 2011 (Japan), Switzerland adopted in a public vote in May 2017 the Swiss Energy Strategy 2050, which aims to shut down existing nuclear power reactors at the end of their safety-related service life, to reduce energy consumption and CO2 emissions, and to increase renewable energy production (BFE 2013). Specifically, hydropower is supposed to grow by 10% with respect to 2010 to reach the maximum hydropower potential for Switzerland by 2050 (BFE 2012). Measures of the Swiss Energy Strategy 2050 are recorded in the Swiss Energy Act (SR 730.0, AS 2), which is why they are legally binding. 

	AS 2 Sectoral laws

	Several sectoral laws influence the decision-making of the three water rights at the collective choice level (AS 5-7): The national Water Right Act defines that the cantons have the right to grant water rights (SR 721.80). Cantonal laws define that the state councils of all affected cantons are granting water rights such as hydropower or irrigation concessions. Further relevant national laws and regulations are the Protection of Waters (SR 814.20), Protection of Nature and Cultural Heritage (SR 451.0), Spatial Planning (SR 700), Protection of the Environment (SR 814.01), Hydraulic Engineering (SR 721.100), Energy Act (SR 730.0), Fisheries (SR 923.0), and Agriculture (SR 910.1). They define, which sectoral requirements the water rights must fulfil, e.g., residual water, the environmental impact assessment, subsidies for hydropower production, and the right to appeal to locally affected actors and NGOs (AS 3).

	AS 3 Right to appeal

	Of particular attention to the decision-making at the collective choice level is that the Federal Act on the Protection of Nature and Cultural Heritage (SR 451.0, Art. 12) and the Federal Act on the Protection of the Environment (SR 814.01, Art. 55) introduced the right of directly affected actors and some environmental non-governmental organizations (NGOs) to appeal against rulings of the national or cantonal authorities in 1966. As a result, local affected representatives and NGOs became entitled to participate in the decision-making procedures leading to water rights at the collective choice level. Their right to appeal gives them a correspondingly powerful position.

	AS 4 National and cantonal adaptation strategies

	Various national and cantonal adaptation strategies exist, which recommend using water in an integrated manner, e.g., to use reservoirs and lakes for multiple services, coordinate the use of surface and underground waters for water supply, agricultural irrigation, etc., and that irrigation concessions are subject to water protection/groundwater protection conditions (BAFU 2012a, 2014a; AWEL 2018). Switzerland has also elaborated guiding principles for integrated water management (BAFU 2012b; Water Agenda 21 2011). However, strategies and guiding principles have no legally binding character.

	Action situations on the collective choice level (AS 5-7)

	AS 5: Draft hydropower concession (2020)

	The 80-year concession for Lake Sihl expired in 2017. Due to various discrepancies, the involved actors could not agree on a new concession, which is why the authorities granted a transitional concession until December 2022. The owner of the concession (SBB), the granting authorities (cantons of Zurich, Schwyz, and Zug, districts of Einsiedeln and Höfe), and NGOs negotiated, which use rights SBB receives with the new concession and what SBB must do in return. These negotiations take into account local interests such as minimum lake levels for water sports and recreation, water-bound biodiversity, the generated revenue for the licensors over the next decades, and the costs to cover the production of traction current. However, no actors claim for coordination with Lake Zurich or downstream water uses. Even the pumped storage power plant is operated with water from Lake Zurich, which is regulated by the canton of Zurich, the rights for pumped water lie with the Canton of Schwyz, where the plant is located.
The new draft concession was submitted to the authorities in 2020 (Kanton Schwyz 2020). The granted concession will be valid for 80 years with the right to pump and release an undefined amount of water between Lake Sihl and Lake Zurich at any time. The concession demands for minimum Lake Sihl levels at specific times for recreational activities and specific amounts of residual water in the River Sihl.

	AS 6: Lake regulation (1977)

	In 1977, the cantons of Zurich, Schwyz, St. Gallen, and Aargau established the lake regulation, which was approved by the Federal Council. This regulation specifies the level of the lake and the discharge into the Limmat each day of the year. This achieves an annual pattern that both corresponds to natural fluctuations and best reconciles the different needs of the lake and Limmat riparians as well as fisheries, shipping, energy production, and nature conservation (BAFU 2014b). Downstream water extractions at the Limmat were not taken into account. The regulatory authority is the canton of Zurich.

	AS 7: Irrigation concession (2019)

	[bookmark: _Hlk90498390]The canton of Zurich decided not to renew existing irrigation concessions in the Furttal region to protect the water quality of the Furtbach, a small river in the region, and to ensure sufficient runoff for water-bound biodiversity. The cantonal department for agriculture proposed to pump the water from the river Limmat to the agricultural land. Further, they want to have only one contact partner for the new concession and proposed to establish an irrigation cooperative, which the farmers established in 2014. Despite the droughts in 2003, 2015, and 2018 with consequences for the Limmat runoff, interviews revealed that the farmers did not realize that the Limmat will not have always enough runoff resulting in restrictions for water extraction in times of droughts. 
“They did not tell us that the Limmat did not have enough water this year [2018], we asked for that. Because when it was so dry, I told the engineer that he should ask how the Limmat looks now, whether there is really no problem, and so on. And he said, yes, yes, that was no problem at all.” (Interview X3).
They did not even know that the restrictions are mentioned in the concession.
“We do not have any regulation regarding the runoff of the [Limmat in the concession]” (Interview X3).
However, the cantonal authorities, the farmer cooperation, and NGOs agreed on a draft concession, which was granted from the state council in 2019. The concession regulates for the duration of 32 years the annual amount of water, which can be extracted from the Limmat for irrigation, the diameter of the water pipes, which limits the amount of pumping water, and restrictions for extraction: In emergencies, the authorities can order a restriction of water withdrawal or a release of water to third parties. In the event of a withdrawal restriction, there is no right to compensation. (AWEL 2019). 




	Action situations on the operational choice level (AS 8-10)

	AS 8: Lake Sihl regulation

	The decisions for the operation of Lake Sihl rely on the decisions taken in AS 5, which stipulate the minimum level of Lake Sihl and the amount of runoff of River Sihl. These requirements must be brought in line with the production of hydropower for needed traction current. Therefore, they pump water from and release water in Lake Zurich without taking into consideration the level of Lake Zurich. In the dry summer of 2018, for example, they pumped water from Lake Zurich although this caused Lake Zurich to fall below its prescribed level. Otherwise, they would have had to pay fines, as Lake Sihl also had a very low level and they had to fulfil the amount of residual water in parallel.
"In 2018, we pumped a lot of water to generate the residual water in the Sihl […] and to compensate for the evaporation of the Lake Sihl. We asked ourselves whether we should do this at all. […]  we actually fulfilled both requirements (residual water regulations, lake level limit). This means that we have kept Lake Sihl for the landscape, for the swimmers, for the boaters, and for the fish. There is a lot of fish in Lake Sihl. And we have saved fish in the River Sihl by guaranteeing 3 cubic metres residual water." (Interview X7).
Interviews reveal clearly that there is no cooperation or coordination between the regulating authority of Lake Zurich (canton of Zurich) (AS 9) and the regulation of Lake Sihl in situations of drought. Furthermore, they fulfil the minimum amount of residual water but do not take into account downstream water uses such as irrigation (AS 10).

	AS 9: Lake Zurich regulation

	The interviews showed that the regulating authority of Lake Zurich (canton of Zurich) has a degree of freedom in regulating the level of Lake Zurich and the runoff of river Limmat. In the dry summer of 2003, the canton of Zurich tried to maintain the level of Lake Zurich. To do so, they accepted a lower runoff and thus higher temperatures in the Limmat. This meant that the different uses of Lake Zurich were less affected by the drought, but it had negative consequences for water-bound biodiversity in the Limmat. In the dry summer of 2018, the canton of Zurich decided to increase the runoff in the Limmat to better protect water-bound biodiversity there. As a result, the level of Lake Zurich fell below its prescribed level. In addition, the hydropower company pumped water into Lake Sihl in parallel. This resulted, inter alia, in restrictions for navigation on Lake Zurich. 
“So, we were 10cm below the limit. Or even lower? I don't remember exactly. In any case, which is a lot, of course. And what we then noticed about the water balance, at some point it is very decisive whether the Etzelwerk pump or turbine, of course, it makes a huge difference whether they take 10 cubic metres or 15 from Lake Zurich. Or let 10 out. Even if the Limmat only flows down 35 or 38. That is, of course, a lion's share for the entire water balance at some point. […] Because they make traction current and they need as little as possible on the weekend, […]because there are not so many trains. That means they pump on the weekend and […] they pump it up and suck Lake Zurich dry.” (Interview X12).
However, as a result of the decisions made at the collective choice level, the regulating authority of Lake Zurich has no right to coordinate the activities of the two connected Lakes Zurich and Sihl and no informal coordination takes place. In addition, the authority does not take into account downstream water extractions from Limmat (AS 10).

	AS 10: Irrigation for food production

	The water pipes were under construction at the time of this study (summer 2021) (AS 10) (Eppenberger 2021). However, the farmers negotiated the rules and rates of the pumping water in the meantime. Due to the farmer’s lack of awareness, they were not active in negotiations about upstream water regulations to ensure the licensed extraction of irrigation water in times of droughts.

	Action situation on no specific level (AS 11)

	AS 11: Awareness for biodiversity threats

	The awareness for biodiversity threats increased in Switzerland since 1900. The largest NGOs in Switzerland are Pro Natura, WWF, and aqua viva, which were founded in 1909, 1961, and 1970 respectively. Current surveys showed that biodiversity threats are seen as Switzerland's biggest problem (Quoss et al. 2021). This resulted in various laws on the protection of the environment at the constitutional choice level (AS 2, 3): A mandatory environmental impact assessment (AS 2), regulations for residual water (AS 2) for granting water concessions (AS 5), or lake regulations (AS 6), and the right to appeal for locally affected actors and NGOs (AS 3) against rulings of the national or cantonal authorities, for example on water rights (AS 5-7).
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